This paper presents the characteristics of the output error computed as a difference between observation output and simulated output at internal node of the substructure which extracted from whole structure virtually. The output error has been used as a damage index of substructure in our proposed local damage detection method but has not been shown its causal relationship to the damages. Analytical and numerical studies using the simple 2-dimentional frame model are conducted in this paper to enhance understanding of the relation of output error and structural damages. The output error is formulated by transfer functions inside the substructure. And the formulation shows that the increase of output error induced by structural damages mainly occurs in the rotational component of the substructure response.
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Case 1 3 10Hz Table 2 Case 0 In order to make a decision of necessity of evacuation and repair of the buildings after large earthquakes, information about damaged structural member existence and its location are extremely significant. Since damage to the structure is inherently local, when considering the damage detection by sensor information deployed in buildings, the local scale damage detection framework with high density and large number of sensors can be expected high sensitivity to damages, and also identify damage location. Recent technological advancement of small and low-cost MEMS type sensors and wireless data transmission bring such the local damage detection framework into reality. So, we have proposed substructure-based local damage detection method, which assumes a dense array of sensor instrumentation to a structure. The proposed method divides the whole structure into a set of small virtual substructures consisting of beams and columns. Then, detects local damage existence inside of the substructures using the differences between observation output and simulated output, which called output error, at internal node of the substructure.
This paper presents the characteristics of the output errors which are induced by structural damages inside the substructure, which used as a damage index of the substructure. From the analytical studies to general types of substructure, the output error of internal node has been formulated as a function of the boundary nodes inputs and internal node outputs itself. This function is composed of only the transfer functions inside the substructure. This means that this function can be configured with only the dynamical characteristics and damage state of the substructure and is independent of the characteristics of the other part of the whole structure, so the output error can be used as a damage index of substructure. Based on these functions, numerical studies to a simple beam and column model have been conducted. The results show that an increase of the output error by structural damages occurs most stable in the rotational direction, especially in the low frequency range which is dominant in vibration of buildings.
Therefore, it is desirable to use a rotational direction component of the sensor output to damage detection of substructure. It also shows that the output error will increase when the substructure has multi or heavy damages.
Using the seismic response analysis results for the whole structure, the output error of substructure has computed to verify this study. The simulation results show that the output error of rotational component is bigger than the translational component, and as a result that the rotational component is most tolerant to the observation noise. （2015 年 6 月 7 日原稿受理，2016 年 5 月 10 日採用決定）
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